This paper presents some QSAR studies realized with the PRECLAV computer program. The database contains 3-amino-succinamic acid derivatives. The outlier molecules included in the calibration set were identified with a specific criterion. Without outliers N = 121, s = 0.3989, r 2 = 0.8468, F = 128.2, K CV = 0.7700. The virtual molecular fragments that lead to a significant increase of the sweetness power SP are -CN (cyano) and -C 6 H 4 -NHCONH-(aryl-substituted urea). The non-conjugated or weakly conjugated virtual fragment -NH 2 leads to a significant decrease of the SP value. The sweetness power is favorably influenced by the size of the molecule. With a view to external validation, the calibration set includes 97 molecules (s = 0.4248, r 2 = 0.8301, F = 89.9, K CV = 0.7560) and the validation set includes 24 molecules (s = 0.3836, r 2 = 0.8580, K = 0.7609). Identification of molecules in validation set with high estimated value of SP is correct enough to have practical value, even if the calibration/validation set contains 3-amino-succinamic acid derivatives with very different chemical structures.
Introduction
The discovery of L-α-aspartyl-L-phenylalanine 1-methyl ester sweet taste pointed out the sweetness potential of aspartyl-dipeptide derivatives and led to new researches on this class of compounds. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] These researches focus on QSAR (Quantitative Structure Activity Relationship) studies, molecular modeling and conformational analysis and aim to establish the structural features of aspartyl-dipeptide derivatives that favour the activation of sweet taste receptors and to predict the sweetness potency of such molecules. Recent studies on molecular bases of sweet taste in the family of sweet taste dipeptide ligands revealed the fact that some Narylalkyl and other substituted aspartyl dipeptide derivatives have a sweetness potency of 3 -CH(OH)-CH 2 -biciclo-2Me-6,6'diMe-
a index with asterisk * -outlier molecules identified in QSAR study #1 b bold rows -molecules of validation set in QSAR study #3
Afterwards, the geometry was more rigorously optimized with the quantum mechanics program MOPAC, 17 Using the data from the files generated by MOPAC, PRECLAV has computed most of the descriptors and has done the statistical analysis. We have used only "whole molecule" PRECLAV descriptors. 31 The methods for identifying "significant" descriptors, the quality criteria for the descriptors, the method for grouping the significant descriptors in sets and the quality criteria for the calculated QSARs have been presented in previous work. 18, 31 In the situation where there is no validation/prediction set, the "significant" descriptors are the descriptors that are sufficiently correlated with the dependent property (r 2 > 4/N, N is number of molecules in calibration set).
The computed QSARs are multilinear.
(1) Weighting factors c k of predictors p k are computed by Ordinary Least Square Method.
Identification of the outlier molecules
The outlier molecules are molecules for whom the QSAR resulted from computations offers only a poor estimation of the sweetness power, although for the rest of the molecules in the calibration set the estimates have been good. The presence of the outlier molecules lowers the predictive quality of the whole calibration set and often determines the inclusion into the final equation of a different set of predictors. In order to identify these molecules, PRECLAV uses a specific criteria, called COIN 
If the difference ∆ value between the calculated and the experimental value is big -compared with the standard error of estimation s -then O value will be large. The molecule for which the value of O value > 1 may be considered "outlier by residue". If the difference ∆ rank between the calculated and experimental values of the ranks is big -compared with the number of degrees of freedom of the equation -then the value of O rank is also big. The molecule for which the value of O rank > 1 may be considered "outlier by rank". Some molecules in the calibration set may give very high values of O value , but low values of O rank or the other way round. Here only the molecules with COIN > 1 have been considered outliers and have been eliminated from further computations.
Obtaining the homogenized calibration set
The homogenized calibration set has been obtained by eliminating the outlier molecules from the original database.
Identifying the significant virtual molecular fragments PRECLAV divides the analyzed molecules into virtual fragments , using an algorithm presented in some previous papers. (1) is, in this case, the value of the descriptor "QSPR of mass fragment percents".
Identification of the parabolic descriptors PRECLAV calculates for the sweetness power SP multilinear equations of type (1) . Although it is difficult to believe that the sweetness power dependency on various molecular features (descriptors) is linear, these equations have a reasonable predictive value. This is due to the following facts: -the presence of a certain number of predictors in the equations (the errors induced by each may compensate) -the intrinsic nonlinear character of some predictors -acceptable approximations, at least on certain intervals, of some nonlinear functions (exponential, logarithmic, hyperbolic, etc.) by linear functions
If the dependence of the sweetness power on a certain descriptor is parabolic, and the parabola has a peak point (maximum or minimum) between the minimum and maximum value of the descriptor, then the linear function of the descriptor has low predictive abilities. In other words, if there is an optimal value of the analyzed descriptor from the point of view of the sweetness power, the linear function is incapable of finding this optimal value. The quality q lin of the linear function and the quality q par of the parabolic function of certain descriptor are calculated in a specific way by PRECLAV. 18 The replacement of the linear function with a parabolic function is done only if this replacement leads to a significant increase in the quality of the descriptor, according to (5):
The relative utility of the predictors In the case when there is no validation/prediction set, the program calculates the relative utility U of the predictors, using equation (6) After calculating the value of U for all the predictors, these values are normalized according to the highest U (the highest value becomes 1000). The predictors with a high value of U (U>400) may be considered very useful in calculating the sweetness power SP. These predictors are useful as they correlate very well with SP and do not correlate with the other predictors. Each "useful" predictor explains (quite) a lot of the SP variation and, in the same time, a different thing as the other predictors.
Validation of the computation procedure
For the validation of the method, we have proceeded to a QSAR study with a validation set and reduced calibration set.
The validation set was extracted from the homogenized calibration set. For the extraction, the molecules in this set have been ordered according to the observed value of SP, starting from the lowest values. For equal values, the order was arbitrary. In this set, the molecules with rank 3, 8, 13, 18, 23, 28, 33, …, etc. have constituted the validation set. The remaining molecules form the reduced calibration set. The validation set includes approximately 20% of the molecules in the homogenized calibration set. We can assume that the reduced calibration set obtained in this way is a representative sample for the homogenized calibration set. The quality of the prediction for the validation set was considered a measure of the quality of the computation method.
The external validation procedure presented here must not be mistaken with the LOO (Leave One Out) internal cross-validation method used by PRECLAV in various stages of the computation.
Results and Discussion

Identification of the outlier molecules
In order to identify the outlier molecules, an initial QSAR study had been done using as calibration set the initial database.
QSAR study #1
Calibration set: 136 molecules (all Table 1 Considering the values of s, r 2 , K and K CV the estimative quality of SP for the whole molecular set is mediocre. All practical QSAR studies are faced with the problem of correctly identifying the outlier molecules in the calibration set. The presence of these molecules makes it difficult to obtain results with practical value, respectively: a) correct identification of the molecular characteristics with high influence over the dependent property, very necessary in drug design b) correct identification in the prediction set of the molecules "recommended for synthesis" The process of identifying and eliminating the outlier molecules precedes any other computation in "drug design" procedures. Consequently, the authors have considered that QSAR studies (with or without a validation set) will lead to erroneous results if the calibration/validation sets contain outlier molecules. Studies #1 and #2 have been performed in order to identify these outlier molecules and to underline the effects of their removal from the calibration set.
In the group of molecules in Table 1 , 15 outlier molecules have been identified (COIN >1), that is 11% of the molecules in the calibration set. The index in Table 1 corresponding to these molecules has been marked with asterisks (first column in Table 1 ).
The outlier molecules are: 10 -the only aromatic amido group that has R 1 = H 25 -the only furyl group, with a very high SP value  13, 14, 15, 16, 45, 132, 133 - . The predictors in Katritzky QSAR are "total entropy", "maximum partial charge", "number of chlorine atoms", "maximume-n attraction in C-O bonds" and "minimum net atomic charge of N atoms". Also is reviewed the molar volume contribution to the sweet taste. We must underline the fact that the group of predictors in equation #1 is very similar to the group of predictors in equation #2. This suggests the fact that the outlier molecules belong to the same class as the other molecules. The fact that they are labeled as "outliers" might be owed not to a difference in the mechanism of the biochemical action, but, possibly, to an erroneous SP value used in the computations.
In the group of 121 molecules, the program identifies only 33 virtual fragments. We can say that there is not a significant variety from the structural point of view. On the other hand, there have been identified more than 10 significant structural fragments.
The virtual fragments that lead to a significant increase of the SP value are -CN (cyan) and -C 6 H 4 -NHCONH-(aryl-substituted urea). The last one is the fragment present in (for instance) molecules 114 -127. Due to the fact that the molecules containing a -CN group have it only in the para position, we can not evaluate the influence of the position of this group on the aromatic nucleus.
A reduced favorable influence on the SP value is due to the presence of the -C 6 H 4 -, -NH-(non-conjugated with neighboring groups) and -C 6 H 4 O-fragments.
The virtual fragments that lead to a decrease in the values of SP are -NH 2 , -NHCO-and -COOH, non-conjugated with the neighboring fragments.
All molecules (with the exception of 114) contain only one -COOH group. Consequently, the unfavorable character of the "high proportion of COOH fragment" predictor must be interpreted as an unfavorable character of the "low molecular mass" predictor. The same
Utility of predictors
By the way it is defined, [22] [23] [24] the Platt topological index is simultaneously a measure of the order and dimension of the molecular graph, that is of the size of the molecule and the degree of chain branching. For equal size (equal number of edges) the calculated value of this topological index is higher for the branched molecular graph (higher number of vertices with rank >2). Of the two graphs of equal size, the branched one is, necessarily, closer to the spherical shape. QSAR study #2 suggests that the weak unfavorable effect of chain branching can be compensated by a higher molecular mass. The presence of predictor p 2 (in #1), respectively p 3 (in #2) suggests that the structure of virtual fragments has a certain influence over the sweetness power.
The calculated value for the free valence of N atoms is sensibly higher in the cyano groups than in the amide or amino groups. The presence of predictor p 3 (in #1), respectively p 4 (in #2) confirms the importance of -CN group in molecules with a high value of SP.
Validation of the computational method
Using the procedure described above a validation set of 24 molecules has been extracted from the homogenized calibration set. These molecules have been marked in Table 1 with bold characters. The remaining molecules (97 molecules) have formed the reduced calibration set. The reduced set and the validation set have been used in another QSAR study.
QSAR study #3
Calibration set: 97 molecules (Table 1 When working with a validation (or prediction) set, PRECLAV uses a specific criteria for selecting the significant descriptors 18 by using the Class function. The program verifies if, from the point of view of the values of analyzed descriptor, the calibration set (now the reduced calibration set) is a representative sample of the whole molecular set (now the reduced calibration set + the validation set). The selection of descriptors is harsher. The resultant QSAR is different from the case when the validation/prediction set is missing, a thing that differentiates PRECLAV from other programs for QSAR computations. In the case when there is a validation/prediction set, from the point of view of the program the characteristics of the equation (coefficients, number and type of predictors) used in prediction and the quality of the prediction for the calibration set are of less importance. What is in this case significant is the correlation between the estimated values and the experimental values of the dependent property for the molecules of the validation/prediction set. From the point of view of the considerations discussed here, the most significant is the correlation between the calculated and the experimental values of SP for the molecules in the validation set.
In Table 2 there are listed the calculated values (computed by equation #3) and the experimental values (from Table 1 ) of the sweetness power for the molecules in the validation set.
The correlation between the experimental and calculated values, presented in Table 2 , was measured using some common statistical functions. In the QSAR studies #2 and #3. We can state that the program has calculated for the molecules in the validation set values close to the experimental ones and has ordered the molecules in a sequence similar enough to the real one.
From the practical point of view, the labeling "high value of dependent property" and "low value of dependent property" is very important, a labeling that the program is always making 18 for the molecules in the validation/prediction set. In Table 2 the calculated values identified by the program as "high" have been marked in bold letters, while the values identified as "low" have been underlined. Of the five molecules labeled as "high value", four are the molecules that also have the highest experimental values of SP. Of the five molecules labeled as "low value" three are the molecules that have the lowest experimental SP value. This result, qualitatively correct, suggests that, in a QSAR analysis with prediction set, the program will identify with sufficient accuracy the molecules "suggested for synthesis".
Conclusions
After eliminating the "outlier" molecules from the calibration set, using a specific criteria, PRECLAV is capable of offering information about -the virtual molecular fragments that are significant from the point of view of the dependent propertythe molecular features useful in describing the variation of the dependent property The virtual fragments that lead to a significant increase of the sweetness power of the derivatives of the 3-aminosuccinamic acid analyzed here are -CN (cyano) and -C 6 H 4 -NHCONH-(arylsubstituted urea).
The non-conjugated or weakly conjugated virtual fragment -NH 2 leads to a significant decrease of the sweetness power.
The sweetness power is favorably influenced by the size of the molecule. The linear functions of the descriptors are enough to describe the sweetness power of the derivatives of the 3-aminosuccinamic acid, at least in the case when there is no validation/prediction set.
The tests using a validation set suggest that PRECLAV is capable to identify with sufficient accuracy the new, as yet non-synthesized, molecules with higher/lower values of the dependent property, included in a prediction set.
